T1-T3 patients. In propensity score analysis, T0 patients had a similar survival curve with T1-T3 patients when lymph node and distant metastasis stages were matched. When all variables, including radiation and surgery treatment, were matched, T0 patients had significantly higher survival compared to T3 patients. These findings suggested that more metastasis and less treatment led to poorer prognosis in T0 patients. Another paradox is about thyroid micro-carcinoma. The survival rate of micro-carcinoma patients was high (4 years survival rate was 99.92%), and more than 99% micro-carcinoma patients received surgery. Interestingly, all the patients who died because of thyroid carcinoma received surgery. Survival analysis showed no difference in survival when patients stratified by surgery or radiation. In conclusion, we suggested paradoxes in thyroid carcinoma treatment: over-treated in microcarcinoma patients and less-treated in T0 patients.
INTRODUCTION
Thyroid carcinoma is a kind of head and neck malignant disease with increasing incidence rate [1] and high overall survival rate [2] . According to National Comprehensive Cancer Network (NCCN) guidelines, the first diagnosis step of thyroid nodules is to measure serum thyroid-stimulating hormone (TSH) level and to do ultrasound of the thyroid and central neck. Fine-needle aspiration (FNA) with biopsy examination is required for the histology confirmation.
According to American Joint Committee on Cancer (AJCC) TNM staging for thyroid cancer (7th ed., 2010), thyroid tumors are staged based on the primary tumor size. T0 patients have no evidence of primary malignant tumor. But diagnosis can be confirmed by radioiodine imaging or FNA biopsy in metastasis sites. T1 tumors are less than 2 cm. T2 tumors are between 2 cm and 4 cm. T3 tumors are more than 4 cm but limited to thyroid or any tumor size with minimal extrathyroid extension. T4 tumors extend beyond the thyroid capsule to invade subcutaneous sift tissues or prevertebral fascia. T0 patients have no evidence of primary malignant thyroid tumor, but diagnosis can be made based on histological and cytological confirmation in metastasis sites.
Total lobectomy alone is recommended for patients with thyroid micro-carcinoma (T1a). Postoperative radioiodine is recommended for T1b-T4 patients. For T0 patients, no local surgery or radiation treatment was recommended. Focal papillary carcinoma (tumor size < 4 cm in diameter) with no prior radiation exposure, no lymph node metastases, and no extrathyroidal Research Paper extension, lobectomy is recommended. Otherwise, complete thyroidectomy is recommended [3] . Currently, compared to unilateral lobectomy, aggressive completion thyroid resection is preferable, because it reduce the local recurrence and nodal metastasis [4] . One exception is T0 tumor. In previous study, T0 tumors have been perceived to have a low mortality rate and are featured as well-differentiated [5] . So, compared to T1-T3 patients, T0 tumors are less treated for a long term. The clinical investigations for T0 patients are rare, too.
On the other hand, T1a thyroid micro-carcinoma (tumor size less than 1 cm in diameter) is widely investigated and aggressively treated. Though lobectomy alone is recommended for thyroid micro-carcinoma [6] , surgeons always decide to perform completion thyroidectomy in most clinical settings (74.3%) [7] . Recently, to eliminate severe complications and extra cost after aggressive treatment, some specialists began to oppose completion thyroidectomy and advocate unilateral lobetectomy [8] [9] . Oncologists also recommend nonsurgical treatment, such as ultrasound-guided thermal laser ablation (LA), for micro-carcinoma [10] [11] .
The SEER program of the National Cancer Institute (NCI) is a population-based cancer registry covering approximately 30% of the population in the United States. This database is the largest publicly available and authoritative information source on cancer incidence and survival. Using this reliable and large-scale research dataset, we gathered information of 48,243 thyroid carcinoma patients diagnosed in 2010-2013. SEER database collected full information about the thyroid carcinoma T staging based on 7th edition of AJCC staging system.
RESULTS

Demographic and clinical features
Of 48,243 patients included in this study, 47,360 cases had definite AJCC 7th T stage record. 84 patients were in T0 stage, 28,067 patients were in T1 stage, 7,727 patients were in T2 stage, 9,375 patients were in T3 stage, and 2,107 were in T4 stage. The mean (SD) and median (interquartile range) age for each T stage was listed in Table 1 . ROC curve analysis determined that age of diagnosis at 59 yr was the optional cutoff age that maximizes sensitivity and specificity for predicting both thyroid carcinoma-specific mortality and all-cause mortality (Supplementary Figure S1 and S2). No racial disparity was observed among T stages.
The mean (SD) survival months for each T stage were also listed in Table 1 . T4 patients had significantly shorter survival months than other patients. Chi-square tests or Fisher's exact tests (n < 5) demonstrated that T4 patients had the highest all-cause mortality rate and thyroid carcinoma-specific mortality rate. Interestingly, both the all-cause mortality rate and thyroid carcinoma-specific mortality rate in T0 patients were significantly higher than T1-T3 patients (Table 1) . Possible reasons might be that T0 patients were older than T1 to T3 patients, and had higher proportion of poorly differentiated tumor (12.5%), lymph node metastasis (77.2%) and distant metastasis (28.6%) than T1-T3 patients. T0 patients seemed to have a more progressive carcinoma than T1-T3 patients, but less T0 patients received any type of radiation or surgery (55.56% and 34.52% respectively) than T1-T3 patients (Table 1) .
Survival analysis stratified by T stages
Among 47,360 cases with definite T stage records, 1,568 all-cause deaths and 703 thyroid carcinomaspecific deaths were observed. 1-, 2-and 4-year estimated thyroid carcinoma-specific survival rates were 98.60%, 98.26% and 98.03%, respectively (Supplementary Figure S3B ). Compared to T1-T3 patients, T0 patients had a poorer all-cause survival and thyroid carcinomaspecific survival. In T0 patients, the 1-, 2-and 4-year estimated survival rates were 95.12%, 88.02% and 88.02%, respectively, as compared to 99.06%, 97.14% and 95.58%, respectively, in T3 patients ( Figure 1A and 1B, log-rank P-value < 0.001, Supplementary Table S1). In T0 patients, the 1-, 2-and 4-year thyroid carcinoma specific estimated survival rates were 97.42%, 95.25% and 95.25%, respectively, as compared to 99.38%, 98.96% and 98.48%, respectively, in T3 patients ( Figure 1C and 1D, log-rank P-value < 0.0001, Supplementary Table S2) .
Risk factors for all-cause mortality and thyroid carcinoma-specific mortality
Univariate Cox regression analyses showed that age, black race, TNM stage, differentiation grade, radiation and surgery treatment were significant risk factors of all-cause death and thyroid carcinoma-specific death.
In multivariate Cox regression model, after controlling all other influential risk factors, T0 stage did not show significant risk for all-cause death compared to T1-T3 patients ( Table 2 , p > 0.1). For thyroid carcinoma-specific death, multivariate Cox regression analysis showed that the risk of T0 patients was significantly higher than T1 patients (p = 0.009 by controlling other confounding factors in multivariate analysis, Table 2 ).
Adjusting for patient characteristics using propensity score matching
To account for potential bias due to an imbalance between T0 and T1-T1 patients regarding the age, race, tumor differentiation grade, N stage, M stage, surgery and radiation treatment, propensity score matching was carried out as described in Methods. In survival analysis, after propensity score matching with age, race and tumor differentiation grade, T0 stage remained a poorer prognosis for cancer-specific mortality when compared to T1, T2 and T3 stage (Log-rank test, p = 0.0738, 0.0698, 0.0752, respectively, Figure 2A , 2D and 2G). After propensity score matching with age, race, tumor differentiation grade, N stage and M stage, T0 patients demonstrated a similar survival curve with T0-T3 patients ( Figure 2B , 2E and 2H). When all influential variables, including surgery and radiation treatment, were matched, T0 stage became a better prognosis for cancer-specific mortality, compared to T3 stage (Log-rank test, p = 0.0448, Figure 2I ). These findings verified our hypothesis that metastasis and less treatment compared to T1-T3 patients led to poorer prognosis in T0 patients.
Risk factors for all-cause mortality and thyroid carcinoma-specific mortality in thyroid microcarcinoma patients
In 17,315 included micro-carcinoma patients, both univariate and multivariate Cox regression analyses showed that age, radiation beam and non-surgery were significant risk factors of all-cause death. Radioisotopes treatment was associated with better prognosis for all-cause mortality (Table 3) . Multivariate Cox analysis suggested that lymph node metastasis was a risk factor of all-cause death in micro-carcinoma patients. For thyroid carcinomaspecific death, age and radiation beam treatment were demonstrated as risk factors. All 10 thyroid carcinomaspecific deaths in T1a patients received surgery. Among 9 deaths whose radiation treatment information was known, 7 did not receive any radiation therapy (Table 3) .
Survival analysis among thyroid microcarcinoma patients
Unlike T0 patients (65.5% received surgery and 44.4% received radiation), 99.3% T1a patients received surgery, while only 21.46 % patients received radiation therapy. In thyroid micro-carcinoma patients, the 1-, 2-and 4-year estimated survival rate was 99.32%, 98.64% and 97.50%, respectively (Supplementary Figure S4A) . The 1-, 2-and 4-year thyroid carcinomaspecific estimated survival rate was 99.95%, 99.93% and 99.92%, respectively (Supplementary Figure S4B) . Kaplan Meier curves showed no significant difference in cancer-specific survival stratified by surgery (log rank p = 0.82) and radiation therapy (log rank p = 0.96) (Figure 3 ). The survival rate information stratified by surgery and radiation therapy was demonstrated in Supplementary Tables S3 and S4 .
DISCUSSION
Overdiagnosis and overtreatment problem are common in thyroid carcinoma [12] . On the other hand, surgeons and oncologists always ignored T0 patients due to perceived low mortality rate [5] . Our findings showed that compared to T1-T3 patients (> 97% patients underwent surgery), only 65% T0 patients received surgery. Compared to T2-T4 patients (> 60% patients underwent radiation therapy), only about 44% T0 patients received radiotherapy (Table 1) .
Based on SEER data 2011-2013, T0 stage had a significantly poorer thyroid carcinoma-specific survival and all-cause survival compared to T1-T3 patients ( Figure 1 ). More metastasis and less treatment compared to T1-T3 patients were the two major reasons. For example, compared to T3 patients (41.81% lymph node metastasis and 2.54% distant metastasis), 77.22% T0 patients had lymph node metastasis and 28.57% had distant metastasis. But, only 65.48% and 44.44% T0 patients received surgery and radiation therapy, significantly lower than T3 patients (99.03% received surgery and 69.65% received radiation) ( Table 1) . Propensity score matching analysis further verified our hypothesis. As shown in figure 2, T0 patients still showed marginally lower survival rate when age, race and histology grade were matched with T1-T3 patients (Log-rank test, p = 0.0738, 0.0698, 0.0752, respectively, Figure 2A , 2D and 2G). When N stage and M stage were matched, T0 patients showed similar survival curve with T1-T3 patients. This finding suggests that late-stage in terms of nodes or metastases lead to poorer prognosis in T0 patients. Moreover, when radiation and surgery treatment were matched, T0 patients had significantly higher survival compared to T3 patients. This means that if T0 patients had the same metastasis stage and treatment with T3 patients, T0 patients would have a better prognosis.
As for the possible mis-staged problem in T0 patients, the chance is small. SEER database records actual primary tumor size information in column "CS tumor size 2004+", and records T stage information in column "Derived AJCC T (7th ed, 2010)". Since T stages were defined based on primary thyroid tumor sizes, the patients' T stages were consistent to the corresponding actual primary tumor sizes in this study.
Among thyroid micro-carcinoma patients, even the 4-year survival rate was 99.92% (Supplementary Figure S4) , still more than 99% patients received surgery, and 21.55% patients received both surgery and radiation therapies. Thyroid carcinoma-specific survival analysis suggested that no survival difference was observed in micro-carcinoma patients stratified by surgery or radiation therapy (Figure 3 , Supplementary Table S3 and S4). Multivariate Cox regression analysis showed that, by controlling other factors, radiation beam therapy was a risk factor of all-cause mortality with a hazard ratio of 3.713 (95% CI: [1.154, 11.948], Table 3 ). Radioisotopes and surgery strategies cause irreparable life-long damages to human organs and lead to several morbidities, including hypothyroidism, salivary gland disturbance and vocal disorders [13] [14] [15] [16] [17] [18] [19] . Recommendation for nonsurgical treatment strategy includes ultrasound-guided thermal laser ablation (LA). It is safe, repeatable and works well for tumors less than 15 mm [20] [21] . This nonsurgical and repeatable strategy would be promising in future. 
MATERIALS AND METHODS
Database
The SEER*Stat database, which was released by the Surveillance Research Program at the National Cancer Institute (NCI) in 2016, was used as the data source in the present study [22] . 
AJCC T staging
To compare the survival rate among different T stages, 47,360 patients were categorized according to AJCC T staging (2010). SEER database records the actual tumor size. T stages were defined based on primary thyroid tumor size. In this study, the T stages were consistent to the corresponding actual tumor size.
Demographics, lymph node metastasis, distant metastasis, differentiation grade, surgery treatment (surgery performed, recommended but not performed, and not recommended) and radiation treatment (radioisotopes, beam radiation, radioactive implants, combination of beam with implants or isotopes, and none) were evaluated in patients with different T categories. To investigate the treatment efficiency in thyroid micro-carcinoma (T1a) patients, 17,315 T1a patients were categorized based on surgery and radiation treatment types. Survival analysis was performed to evaluate the treatment efficiency.
Statistical analysis
Patients were followed up until December 2013. The primary outcome measures thyroid carcinoma-specific mortality. The secondary outcome measures the all-cause mortality. The candidate risk factors included age, race, differentiation grade, surgery type, radiation type, and TNM stage. Numeric variables were summarized as the mean (standard deviation) or median (interquartile range), where appropriate. Categorical variables were reported as counts (percentage). An analysis of variance was used to compare continuous variables with symmetric distributions among different treatment types and T staging categories. Chi-square tests or Fisher's exact tests (n < 5) were used to compare categorical variables among T staging categories or treatment group. The Kaplan-Meier method was used to plot the survival distributions, and the log-rank test was used to assess differences in survival experience between the groups. The Cox proportional hazards regression was performed to estimate the hazard ratio to identify the risk factors for thyroid carcinoma-specific mortality and allcause mortality. To further adjust for potential baseline confounders, a propensity score matching was carried out. A receiver operating characteristic (ROC) curve was also calculated to determine the optimal cutoff that maximizes sensitivity and specificity in predicting mortality. All tests of hypotheses were two-tailed and conducted at a significance level of 0.05. Statistical analyses were conducted using SAS 9.4.
